The long term effects of frequent cropping by Smith, Stanley Thomas
Journal of the Department of Agriculture, 
Western Australia, Series 4 
Volume 10 
Number 12 December, 1969 Article 10 
1-1-1969 
The long term effects of frequent cropping 
Stanley Thomas Smith 
Follow this and additional works at: https://researchlibrary.agric.wa.gov.au/journal_agriculture4 
 Part of the Agronomy and Crop Sciences Commons, Biology and Biomimetic Materials Commons, and 
the Soil Science Commons 
Recommended Citation 
Smith, Stanley Thomas (1969) "The long term effects of frequent cropping," Journal of the Department of 
Agriculture, Western Australia, Series 4: Vol. 10 : No. 12 , Article 10. 
Available at: https://researchlibrary.agric.wa.gov.au/journal_agriculture4/vol10/iss12/10 
This article is brought to you for free and open access by Research Library. It has been accepted for inclusion in 
Journal of the Department of Agriculture, Western Australia, Series 4 by an authorized administrator of Research 
Library. For more information, please contact jennifer.heathcote@agric.wa.gov.au, sandra.papenfus@agric.wa.gov.au, 
paul.orange@dpird.wa.gov.au. 
THE LONG TERM EFFECTS OF FREQUENT 
CROPPING 
By S. T. SMITH, Chief, Soils Division 
AGRICULTURALLY speaking, few Western Austral ian soils are more than 50 years 
old. W e have the responsibility of preserving them for fa rm ing—not for one man's 
l i fet ime, but for centuries. 
The aim of this article is to demonstrate 
that cropping and cultural practices do 
have some effects on the soil, and that 
these effects should be considered when 
choosing a farm rotation. 
Western Australian soils 
Soils in Western Australia are complex 
and highly variable. They are very old— 
at least the material from which many 
of them are made is very old—but broadly 
they can be placed in two textural classes. 
They can be very heavy soils on the one 
hand or very light on the other. 
The very heavy soils were the ones first 
used for farming. Originally they were 
regarded as being very fertile but by world 
standards, they are low in organic matter, 
high in density, and hard to work. Com-
paratively, their productivity is not high. 
On the other hand our sandy soils were 
considered very infertile until the correc-
tion of minor element deficiencies and the 
use of leguminous pastures raised their 
productivity. Their fertility rose rapidly 
initially and although it has slowed down 
with time it is impossible to guess at their 
ultimate fertility potential. However, it 
is possible that the slow rise in fertility is 
being interrupted by excessive multiple 
cropping which is common in some dis-
tricts. 
Soil structure 
Soils are made up of many individual 
particles. In good soil these are bound 
together by breakdown products of organic 
matter to form aggregates or crumbs 
which reduce the soil density by creating 
air spaces. The air spaces are essential 
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Fig. 1.—Relationship between soil organic matter and level 
of soil aggregation 
for the growth of plant roots and for a 
good supply of air and moisture. 
Organic matter improves the soil in 
many ways, but of particular note is its 
effect on soil structure. Figure I shows 
that as organic matter increases, aggrega-
tion increases rapidly up to a point (2 
per cent, organic matter) beyond which 
the rate of increase slows down. Many of 
our soils contain as little as 1 per cent, 
organic matter, so one way to improve soil 
structure is to increase the soil organic 
matter content. 
Organic matter does improve soil struc-
ture, but this does not mean that all the 
increased yield associated with an increase 
in soil organic matter is due to improved 
soil structure. Changing the level of 
organic matter also affects the supply of 
some important plant nutrients, especially 
nitrogen. 
How cultivation changes soil structure 
A Department of Agriculture survey car-
ried out some years ago compared the 
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structure of soils which had been culti-
vated and cropped without improved pas-
ture for up to 40 years, with that of virgin 
soils. The results of the survey, shown in 
Figure 2, indicate what has happened to 
many of our soils, particularly the heavy 
types. (Stoneman, 1965.) 
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Fig. 2.—Structura l changes on heavy soi l . 
Cultivation has decreased the organic 
matter content by about one-third, re-
duced the percentage aggregation by half, 
reduced large pore space to less than half 
its original level, and increased soil den-
sity. This loss of soil structure is a warn-
ing that we must carefully consider rota-
tion and cropping practices, and the way 
in which we manage our soils. 
Speed of structural changes 
Changes in the stability of soil aggre-
gates on light land at Wongan Hills were 
measured from virgin soils through a 
series of crops followed by two years of 
clover pasture and then by a further two 
crops. Figure 3 indicates that fallow and 
wheat crops quickly reduced aggregation, 
but two years of sub. clover increased the 
soil structure towards the pre-crop level. 
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Fig. 4 .—Effect of cu l t ivat ion on heavy soil. 
Figure 4 shows the results of a similar 
experiment on heavy land at Merredin. 
Aggregation was very low initially but rose 
considerably after three years of pasture. 
Continuous cropping on the same land 
reduced the soil structure to a very low 
1 per cent, aggregation. 
Such results appear to indicate that we 
can change the soil structure fairly rap-
idly but, unfortunately, improvements 
don't always occur. Once structurally de-
preciated, many of our soils are extremely 
difficult to handle and extremely difficult 
to improve. One soil of this type is the 
grey salmon gum clay in the wheat-belt; 
another is the moort type. There are 
many such soils in which it is difficult to 
make rapid structural improvements. 
The depth of structural improvement is 
a further point to consider. Measure-
ments for structure in Figures 2 and 3 
were from the top two inches of soil only. 
As a large proportion of the root system 
of plants is below this level improvement 
of soil structure below two inches is also 
important, but could take some time. 
Studies in South Australia have shown 
that it takes many years to bring about 
structural changes at depth on heavy soil. 
The results indicated that structural re-
conditioning to a depth of three inches 
occurred in about three years, but it took 
about 10 years to get structural recondi-
tioning at the three to six inch level. 
(Graecen, 1958.) 
Effects of change 
Soil structure may not be important on 
sandy soils where soil density and airspace 
rarely limit plant growth. However, it is 
extremely important that airspace is not 
seriously reduced on the heavier soils. 
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Cultivation causes a rapid decline in 
the stability of soil aggregates because it 
destroys the cementing agents which hold 
the aggregates together. When the aggre-
gates break down there is less pore space, 
and the soil is more dense and less per-
meable to water. (Figure 2.) 
In the past, it has been difficult to study 
the effect of individual factors such as soil 
density or porosity on plant growth ex-
cept in fairly artificial and rigidly con-
trolled pot experiments. Recently how-
ever, inert synthetic soil conditioners have 
been developed which enable an artificial 
structure to be developed so that its effect 
can be examined in the paddock. 
In a small-scale cropping experiment 
on heavy land at Merredin, soil was treat-
ed with conditioners to improve aggrega-
tion and aggregate stability. The treated 
plots gave an increase in yield of over 25 
per cent. (Stoneman, 1965.) 
Work in South Australia has shown 
that when rain sealed the soil surface after 
planting, emergence of wheat on certain 
soils was seriously reduced. (Millington, 
1959.) 
Erosion losses 
It has been assumed that, whatever the 
effect of a rotation or agricultural practice 
on the soil, the soil will still be there. 
But if the loss of soil structure is consid-
ered this may not be the case. 
If soil particles are cemented together 
into larger aggregates, easier water pene-
tration and hence less runoff can be ex-
pected. If there is less runoff, there is 
likely to be less soil loss. Futhermore, the 
larger the aggregates the less movement 
of particles by moving water. As aggrega-
tion is related to cultivation, the type of 
cultivation practised must therefore affect 
runoff. 
Unfortunately there are no local figures 
relating land use to runoff and erosion. 
However, there are some results from New 
South Wales and the U.S.A. 
Table 1 shows the annual percentage 
runoff and the loss from four different 
rotations or soil treatments in an Ameri-
can experiment. The bare, uncultivated 
ground lost twice as much in runoff as the 
wheat crop, and five times as much soil. 
The lack of soil structure probably had a 
great deal to do with this loss. 
Table 1.—Effect of plant cover on runoff and 
soil loss (U.S.A.) 
Plant cover 
Grass 
Corn-wheat-clover rotat ion 
Wheat 
Bare uncultivated soil 
Runoff 
per cent. 
11.5 
14.1 
25.2 
48.9 
Soil loss 
tons/acre 
year 
0.3 
2.3 
6.7 
34.6 
Table 2.—Effect of cropping on runoff and 
soil loss (N.S.W.) 
Cover 
Wheat 
Ley 
Runoff 
inches/year 
0.78 
0.58 
Soil loss 
Ib./acre/year 
178 
69 
Table 2 gives figures obtained by the 
New South Wales Soil Conservation Auth-
ority in a rotation experiment. The fig-
ures show a much larger soil loss under 
wheat than under ley, although runoff 
figures were greatly different. 
Cropping thus appears to increase run-
off and, in Western Australia, such runoff 
severely aggravates the flooding problem. 
More important however is the increased 
soil loss, which will continue increasing 
unless preventive steps are taken. New 
soil development or formation takes place 
at a rate of about 0.2 tons per acre per 
year, so soil loss greater than this is un-
acceptable for a stable land system. 
Conclusion 
One wonders if we are wise in adopting 
any system of multiple cropping on our 
heavier soils. In the main, such soils are 
poorly structured initially, and relatively 
low in organic matter. Our main aim 
should therefore be to adopt rotational 
and cropping practices which will improve 
the structure. Any system of multiple 
cropping tends to cause a decline in struc-
ture rather than build it up. 
On the sandy soils, multiple cropping 
also causes a rapid decline in aggregation, 
but not necessarily to unacceptable levels. 
It is unlikely that permanent structural 
effects will be produced, and it would 
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appear that crop yields can be maintained 
by fertiliser application. But multiple 
cropping does interfere with the gradual 
fertility buildup which would take place 
under leguminous pastures. As a result 
the economics of multiple cropping sandy 
soils can only be gauged over the long 
term. 
One cannot lay down hard and fast 
rules, but it is surely apparent that be-
cause of the poor original condition of our 
soils we should aim to improve them over 
the long term, or at least maintain them. 
It is not reasonable to develop "slide rule" 
agriculture based on assessing what will 
give us the maximum present economic 
return unless we know what we are doing 
to our basic soil asset in the long term. 
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NEW CROP A N D SHEEP MAPS FOR NATIONAL ATLAS 
Two new sheet maps showing crops and sheep distr ibution throughout 
Australia have recently been released by the Commonwealth Department of 
National Development. 
They are part of the Department's Atlas of Australian Resources Series. 
The main map on "Crop Production" details the geographical distr ibution 
of crops by value—grains, sugar, f ru i t and vegetables, industrial crops such 
as cotton and tobacco, and pasture seed. 
A smaller map shows the location and capacity of storage facil i t ies for 
grain, f ru i t and sugar and also shows the value of crop products exported 
by individual ports. 
On the "Sheep and W o o l " sheet f ive maps are used to show sheep dis-
t r ibut ion, wool production, lambing rates and lamb and mutton production, 
wool sold at auction, as well as overseas trade in wool. A supplementary 
map in the booklet shows the main sheep breeds in south-east Australia. 
The supplementary booklets accompanying the map-sheets were both 
specially wr i t ten by the Bureau of Agricultural Economics. 
These booklets discuss the economics of production, marketing and trade, 
and the present importance of the crop and sheep industries for Australia. 
The new maps with their booklets are available at 50 cents each from 
map sales centres of the Department of National Development in Sydney, 
Canberra and Melbourne or may be ordered from booksellers. 
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